systems occur globally over a relatively small area on the Pacific slope of Central America.
With limited financial resources available for conservation in El Salvador, it would be useful for maximum efficiency to base conservation action on biological data. I conducted the present analysis to identify protected areas most important for the conservation of avian diversity, such that conservation agencies working in El Salvador could prioritize the allocation of budgets among the protected areas. I used only birds because sufficiently complete species lists for other taxa were not available. I based the analysis on nationally threatened and regionally endemic bird species (rather than overall species richness) because the primary goal of conservation is to prevent extinction of species. To include all species would bias reserve selection towards sites with large numbers of common, widespread species that occur in areas with high levels of habitat disturbance. Only one bird species in El Salvador is globally endangered (Hilton-Taylor, 2000) , so using globally threatened species for the analysis would not have been useful. Williams et al. (1996) and Dobson et al. (1997) argued that a complementarity scheme was the most effective way to plan conservation, as it does not depend on subjective indices, and identifies areas where conservation action is most needed to protect a regional biota.
METHODS
I included in the analysis the ten protected areas ( Fig. 1 ) for which reasonably complete bird lists have been prepared by experienced observers (Komar & Herrera, 1995; Ramírez-Sosa & Komar, 1996; Komar, 2000; N. Herrera, unpubl. data; O. Komar, unpubl. data) . These are the largest protected areas in the country (Table 1) , and have park guards, signage and recognition by Salvadoran society.
I identified conservation priorities for the reserves using an iterative, heuristic complementarity algorithm (Kirkpatrick, 1983; Williams et al., 1996; Peterson, Ball & Brady, 2000a; Peterson et al., 2000b) , in which reserves were selected (prioritized) based on the number of additional species of threatened birds protected by conserving the reserve. I used a list of 268 threatened or endangered bird species (Komar & Domínguez, 2001) modified from a similar list (Komar, 1998) that included habitat specialists (species sensitive to habitat destruction), species suspected of population declines due to pollution or water contamination, or species subject to excessive hunting or commercialization. The presence/absence of threatened species in each protected area is given in Appendix 1. Species not likely to be regular components of a local avifauna, but nevertheless reported, were considered absent. The algorithm has four steps: (1) Select the reserve that protects the greatest number of threatened species. (2) Of the remaining reserves, select the one that adds to the system the most additional threatened species. (3) In the case of two reserves contributing the same number of additional species (a tie for step 2), I used as a second criterion residency status, considering adding threatened breeding residents to be more important than adding non-breeding Fig. 1 . Ten protected areas in El Salvador for which reasonably complete information about bird populations was available. These are also the ten largest protected areas. migratory birds. If a reserve could still not be selected, a third criterion was the number of regionally endemic species added to the system. For regionally endemic birds of northern Central America I used the list given by Peterson, Escalona-Segura & Griffith (1998) . A final tiebreaker criterion was the overall number of threatened bird species present at the reserve. (4) Repeat steps 2 and 3 until all reserves have been added to the system.
RESULTS
Montecristo National Park (cloud forest, pine-oak forest) was ranked first, because it protected 112 (42%) nationally threatened bird species. El Imposible National Park (tropical semi-deciduous and evergreen forests) was second; El Imposible combined with Montecristo protected 167 species (62%). Third was Laguna El Jocotal wildlife refuge (freshwater marsh habitat), adding 40 species and increasing the total to 207 (77%). Adding Barra de Santiago wildlife refuge (mangroves and coastal estuaries) protected an additional 15 species, raising the total to 222 (83%). The fifth reserve was San Diego y La Barra (dry deciduous forest and freshwater lake), adding seven species. Walter Thilo Deininger National Park (dry semi-deciduous forest) was sixth, adding three species. Seventh was Cerro Cacahuatique reserve (tropical semi-deciduous forest and oak forest), adding two species. The eighth position was tied three ways, but the tiebreaker criteria selected Las Lajas reserve, a tropical evergreen and semi-deciduous forest that forms part of the Complejo San Marcelino wildlife refuge, adding one regionally endemic species. The ninth position was also tied, but the final tiebreaker criterion selected the Santa Ana Volcano, a cloud forest and xeric scrub habitat reserve, that protected 49 threatened species. The tenth position, the Nancuchiname gallery forest reserve, protected only 38. The whole combination protected 236 species, 88% of El Salvador's threatened birds (Table 2) .
Four of the ten protected areas stood out as having relatively large numbers of threatened species found at no other park; such species are referred to hereafter as 'singletons' (Table 2 ). Ranking area priorities by singleton threatened species, but not by overall richness, gave the same order as the complementarity analysis for the top five priority areas (Fig. 2) . For resident species, singletons numbered 38, 20, 13, ten, and five, respectively. Laguna El Jocotal stood out as especially important for migrants, with six migratory singletons ( Table 2 ). All ten areas included at least one species that received protection at no other area, but 31 threatened species (28 resident, three migrant) were not found at any of the ten areas, indicating that more protected areas are needed.
The area with the most regionally endemic birds was Montecristo National Park (Table 3) . Only Montecristo and Las Lajas forest protected endemic species that bred at no other protected areas in El Salvador (singletons). Montecristo was followed by Santa Ana Volcano in overall richness of regionally endemic species.
DISCUSSION
The complementarity analysis demonstrated the relative importance of four existing protected areas which, combined, provided protection for 83% of El Salvador's threatened bird species in a space of less than 7600 ha. These four areas each protected different sectors of the country's avifauna, and thus all should be of the highest conservation priority. Increasing the size of these areas should be planned, as their current sizes may not be large enough to maintain viable populations of any species for the long term. The relatively small populations of birds and other vertebrates that can live in such small reserves make virtually all of the threatened 175 El Salvador conservation priorities species subject to high risks of local extinction in the short term (Meffe & Carroll, 1997a) . The order of importance for the remaining areas is probably not meaningful, and could change with improvements to the bird lists for those areas. Although not indicated as of prime importance by the complementarity analysis, those areas are potentially important for maintaining genetic diversity and long-term survival of threatened species. Also, the present analysis does not reflect differences in abundance and local extinction risks for individual species among protected areas. Thus a species may have its most important population at the Santa Ana Volcano (e.g., Grallaria guatimalensis, Rhynchocyclus brevirostris and Troglodytes rufociliatus, O. Komar, unpubl. data) but not add to that area's complementarity value because those same species occur, with smaller populations, at Montecristo National Park. Thus, the 'species' may not be the most significant unit for planning the conservation of biodiversity (Meffe & Carroll, 1997b) . Genetically, the isolated populations at the volcano may be important for conservation, and indeed at least two subspecies are endemic to the volcano (Dickey & van Rossem, 1938) . Unfortunately, avian taxonomy of the northern Central American region is not complete enough to permit an analysis at the subspecies level, and no studies of avian genetic diversity or metapopulations in El Salvador have been published.
Montecristo National Park ranked highest in importance for bird conservation in El Salvador. How important is the park on a regional scale? The park protects 2000 ha in an isolated mountain range located at the intersection of El Salvador, Guatemala and Honduras. The area has been proposed as an international biosphere reserve, yet lands in Honduras and Guatemala are not yet officially protected, or at least have no infrastructure or presence of park guards. The contiguous forested area may be as large as 20,000 ha, although a thorough analysis has not been published. Ecosystems include Central (Dinerstein et al., 1995) . The wildlife at Montecristo park benefits from the existence of adjacent forest land, but that land is not adequately protected. The park is an important reserve for nearly 100 habitat-specialist bird species of pine-oak and cloud forest habitats (Komar, 2002) . Studies of humid montane habitats in northern Central America showed Montecristo National Park to be regionally important for the conservation of passalid beetles (Schuster, Cano & Cardona, 2000) and staphylinid and curculionid beetles (Anderson & Ashe, 2000) , insect groups considered indicators for other taxa. The isolated highland area that includes Montecristo park is home to several endemic taxa that occur nowhere else in the world, including at least one plant (Zamudio, 1997) , a beetle (Schuster, 1989 ) and a lizard (Hidalgo, 1983) . If Montecristo National Park and the surrounding forests were destroyed, the loss would have a significant impact on global biodiversity conservation, given the presence of several endemic non-avian taxa, and 15 regionally endemic bird species. Almost all of the protected areas in this analysis offer some benefits to global biodiversity conservation, through the protection of globally endangered ecosystems, locally endemic taxa (non-avian) and genetic diversity. El Imposible National Park protects a significant patch of Sierra Madre de Chiapas Moist Forest ecosystem at the eastern limit of that ecoregion, and contains several plants and trees not known from any other protected area. The Santa Ana volcano is home to endemic populations (subspecies) of birds, as is Cerro Cacahuatique (Dickey & van Rossem, 1938) .
Undisturbed natural habitat is at a premium in El Salvador. Only about 0.8% of the country is protected in national parks or wildlife refuges, and only half of this area has been legally declared protected (Rodríguez, 1998) . The birds and wildlife that find refuge in most of these areas share them with people. The 2000 ha Montecristo National Park encompasses two villages with a population of 704 (El Salvador Park Service, unpubl. data, 1998); El Imposible National Park still has about 250 people living inside the protected zone (E. Fuentes, pers. comm.). A crucial refuge for freshwater bird species, Laguna El Jocotal wildlife refuge, is also among the most disturbed. A small town was built alongside the 1000 ha lagoon. Villagers constantly search for fish and shellfish; ranchers graze cattle all around the lagoon. Relict wooded swamplands are visited daily by firewood gatherers (pers. obs.). At present, truly protected areas are difficult to distinguish from paper parks. In some areas, park guards cannot prevent looting of natural resources. Other areas appear protected, but are privately owned, without guarantee of future conservation measures. Human disturbance issues should be major concerns of the protected areas' managers.
The present analysis has addressed bird conservation within the existing protected areas, suggesting priorities for assuring long-term protection and adequate management of selected reserves. A future analysis must address how to complete the protection of El Salvador's threatened and endangered birds, initially focusing on the distribution of the 31 unprotected species, and identifying potential reserves for these species. Significant areas of unprotected pine-oak forests exist in Chalatenango and Morazán departments (northwestern and northeastern El Salvador, near the Honduras border). The largest forest patch in El Salvador, about 22,900 ha, is the Bahía de Jiquilisco mangrove estuary (Salazar de Jurado, Guillén Morales & Ulloa, 1995) . Although local laws protect mangroves and wildlife, the area is not declared a protected area and is not managed as one. In addition to El Salvador's natural habitats, corridor lands that serve to connect wildlife populations in protected areas may be important for conservation. Shaded coffee plantations may play such a role for some species. Several locally threatened species (Dendrortyx leucophrys, Dactylortyx thoracicus and Xiphorhynchus flavigaster among others) regularly occur in some of El Salvador's coffee plantations, even at distances greater than 5 km from natural forest habitat (O. Komar, unpubl. data) .
Six of the unprotected bird species have not been reported in El Salvador since the 1940s (Dickey & van Rossem, 1938; Marshall, 1943) , and may now be extirpated. These are jabiru (Jabiru mycteria), ocellated quail (Cyrtonyx ocellatus), scarlet macaw (Ara macao), unspotted saw-whet owl (Aegolius ridgwayi), royal flycatcher (Onychorhynchus coronatus) and Steller's jay (Cyanocitta stelleri). The ornate hawk-eagle (Spizaetus ornatus) was last reported in the early 1980s (Thurber et al., 1987) . Owing to small reserve sizes, all threatened birds in El Salvador need additional protection. Salvador has less than 1% (Rodríguez, 1998) . I suggest that the biodiversity present in El Salvador merits expanding protected areas drastically. Increasing protected areas to 10% would benefit wildlife greatly, even if much of the newly protected area is highly disturbed initially. Over time, disturbed habitats will recuperate. Unfortunately, the socio-political challenges encountered to meet that goal will be daunting.
From time to time, conservation priorities in a protected area system should be re-evaluated. Because of small population sizes, rapidly changing climate and other factors, birds living in the protected areas should be monitored, and other faunal groups should be inventoried. Various studies have shown that individual taxa are poor indicators for other taxa (Dobson et al., 1997; van Jaarsveld et al., 1998) , so conservation analyses should be based on many taxa. Perhaps the priorities for bird conservation are different from priorities for the conservation of reptiles, mammals, plants or other groups. None the less, single-taxon studies are frequent in the literature for various reasons (examples include Cofré & Marquet, 1999; Peterson et al., 2000a; Schuster, et al., 2000) . Kark et al. (1999) suggested conservation priorities based on the distribution of a single species. In the present case, species lists for non-bird taxa were not available. Land managers and biologists in El Salvador's protected areas should conduct inventories of many taxa to permit less biased analyses of priorities for resource allotment.
